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Development of novel treatments for psychiatric disorders based on biomarkers.

Mitsuhiko Yamada, MD, PhD
Department of Neuropsychopharmacology, National Institute of Mental Health,
National Center of Neurology and Psychiatry

1. mOFC-BLA synaptic transmission and social behavior in mice

Early-life social isolation is associated with social and emotional problems in adulthood. Recently,
the orbitofrontal cortex (OFC) and basolateral amygdala (BLA) have been highlighted as key nodes
for social and emotional functions. Therefore, we hypothesize that early social deprivation disrupts
the information processing in the OFC-BLA pathway and leads to social and emotional dysfunction.
In this study, we examined the effects of adolescent social isolation on the OFC-BLA synaptic
transmission by optogenetic and whole—cell patch—clamp methods in adult mice. Our results
suggest that adolescent social isolation induces distinct postsynaptic changes in the medial
OFC-BLA and lateral OFC-BLA synapses, and these changes may separately contribute to

abnormalities in social and emotional development.

2. Translational research on taVNS

The transcutaneous auricular vagus nerve stimulation (taVNS) is highlighted as a non-invasive
alternative method for VNS. In this study, we examined the effect of taVNS on the contextual fear
extinction learning in mice. For taVNS, mice were applied electrical stimulation to auricular concha
area. For sham stimulation, auricular helix area was stimulated. We confirmed that the number of
c—Fos positive cells in the nucleus of solitary tract was increased in taVNS—mice compared to sham
control mice. Then, we examined the effect of taVNS on the extinction learning of contextual fear.
As a result, taVNS facilitated fear extinction learning in mice. The mouse model reported in the
present study would be a useful tool to investigate further the mechanism of taVNS in the brain.

Now, we are planning to perform clinical research on taVNS.

3. The Mental lllness Registry

The Mental Illness Registry (miregistry) is a nationwide cohort registry established by the
NCNP in collaboration with the Japanese Society of Psychiatry and Neurology, supported by the
Japanese Association of Psychiatric Hospitals and the Japanese Association of Psychiatric Clinics
and also in collaboration with patient groups and companies. The system was established with
research funding (FY2018-2020) from AMED. From FY2021, the basic part to support the

expansion and maintenance of the registry will be funded by the Intramural Research Grant, while
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the utilization research will be funded by AMED research funding. This year, efforts were made to
increase the number of registrations and the number of participating institutions, and to establish a
system to support utilization research. The number of patients who gave informed consent was
1550 while the number of patients who had actually completed the input of clinical information was
1021. In terms of disease classification, schizophrenia was the most common. In addition, scoring
items were selected and a system was created to begin accepting pediatric patients. Other systems
were created using the IBISS (Integrative Brain Imaging Support System) image database to
automatically check imaging conditions by reading the DICOM header and perform medical QC. In
recent years, the national government has also indicated a policy of using real-world data (RWD),
such as registry data, for regulatory approval. Therefore, we aim to create a space and system to
manage data from specific clinical trials that can withstand regulatory approval in the future with

appropriate quality, incorporating the concept of risk—based monitoring.

4. A study of biomarkers for neuromodulation using brain neuroimaging

In this study, we evaluated the relationships between brain microstructural features and
causality orientation in patients with schizophrenia, major depressive disorder (MDD), and bipolar
disorder (BD) by diffusional kurtosis imaging (DKI) techniques. Examination of commonalities in
schizophrenia, MDD, and BP showed potential biomarkers on MRI. For confirmation of therapeutic
effect and predictors, inflammatory PET, which can measure microglial activity, can be expected to
progress in the future because it can confirm the inflammatory hypothesis and examine changes due
to treatment. Analysis of the 8 patients (MDD: 5, Sz: 2, BP: 1) for which completed pre and post
treatment PET scan revealed that microglial activity significantly increased in MDD. These may

lead to the discovery of new biomarkers for psychiatric clinical research.

5. Cognitive impairment in patients with schizophrenia

Schizophrenia patients elicit a wide range of psychopathology, including psychotic symptoms,
mood symptoms, and cognitive impairment. Functional capacity is defined as the ability to perform
everyday living skills, which is linked to cognition and real-world functional outcome. In a previous
open trial, we demonstrated that transcranial direct current stimulation (tDCS), one of the
neuromodulation methods, improved cognition and functional capacity in 28 patients with
schizophrenia. However, since it was a pilot study, a controlled trial is needed. Therefore, we
conduct a randomized controlled trial designed to evaluate the effect of tDCS on functional
capacity in patients with schizophrenia. This is a two—arm, parallel-design, randomized controlled
trial, in which patients and assessors will be blinded. Patients meeting DSM-5 criteria for
schizophrenia are enrolled and randomized to receive either active or sham stimulation (with 10
sessions in five consecutive days). Functional capacity is evaluated by the UCSD

Performance—based Skills Assessment—Brief as primary outcome. Cognition, as measured by the
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Brief Assessment of Cognition in Schizophrenia, and psychotic symptoms, as measured by the
Positive and Negative Syndrome Scale, are also evaluated. Data are collected at baseline,
immediately after the last stimulation, and 1 and 2 months thereafter. If active stimulation elicits
greater effects compared with those of sham stimulation, it may add to the efforts to improve

functional outcomes by neuromodulation in patients with schizophrenia.

6. Research on the optimization of sleep and circadian physiology

Abnormalities in sleep and biological rhythms are highly prevalent in mental disorders,
particularly mood disorders. A bidirectional relationship has been proposed between mood
disorders and sleep/circadian alterations, suggesting that the optimization of sleep and circadian
physiology could ameliorate the pathophysiology of mood disorders. This study aimed to assess the
clinical efficacy of chronotherapeutic treatment (wake therapy) and to develop clinically relevant
sleep/circadian markers in mood disorders. In two depressed patients who were administered wake
therapy (three cycles of total sleep deprivation and recovery sleep) in one week, we preliminarily
found an acute antidepressant effect. In addition, in 14 depressed patients who received repetitive
transcranial magnetic stimulation over four weeks, we preliminarily found an association between
short—interval time perception and antidepressant response. Moreover, using existing data, we
found an association between the baseline rate of rapid eye movement sleep and the antidepressant
effect of wake therapy in 31 bipolar depressed patients. The development of sleep and biological
rhythm indices is expected to facilitate an understanding of the pathophysiology and development

of treatments for mood disorders.

7. Translational research on gamma oscillation and non—REM sleep spindle

It is known that common symptoms and functional impairments are observed across different
neuropsychiatric disorders. This suggests that different neuropsychiatric disorder might share
common functional impairments, such as neural circuit abnormalities. In this study, we will
investigate whether abnormalities in g oscillations and non—REM sleep spindle wave are observed in

established schizophrenia and autism spectrum disorder model mice.

8. Association between globus pallidus volume and positive symptoms in schizophrenia

Subcortical structures, such as the basal ganglia and thalamus, have been implicated in the
psychiatric symptoms of schizophrenia. Among them, the globus pallidus has long been the focus of
attention. A large—scale multi-site study demonstrated larger volumes of the left and right globus
pallidus in patients with schizophrenia than in healthy controls and schizophrenia—specific leftward
asymmetry in the pallidum volume. However, the relationship between the globus pallidus and
symptom severity remains unclear. The present study examined the association between structural

aspects of the globus pallidus and symptom severity in patients with schizophrenia.
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The analysis included 276 patients with schizophrenia. We used the Positive and Negative
Syndrome Scale to assess symptom severity, and the volume of the globus pallidus was calculated
by FreeSurfer 5.3 software. This study was approved by the Research Ethics Committee of the
National Center of Neurology and Psychiatry and Osaka University and was conducted following
the provisions of the Declaration of Helsinki. Written informed consent was obtained from all

participants.

Partial correlation analysis, controlling for age, sex, intracranial volume, and MRI scanner,
demonstrated a positive correlation between positive symptoms and the right pallidal volume even
after Bonferroni correction (r = 0.185, p = 2.27 X 10-3). An additional analysis further controlling
for chlorpromazine equivalents showed that the right pallidal volume was still correlated with
positive symptom severity (r = 0.163, p = 7.45X10-3). The present findings suggest that patients
with a larger volume of the right globus pallidus have more severe positive symptoms. The
limitation is that this is a cross—sectional study, and the causal relationships between globus
pallidus volume and positive symptoms is unknown. Furthermore, the correlation between globus
pallidus volume and symptom severity was weak, suggesting that symptom severity might also be

explained by other brain features. Future studies should be designed to resolve these points.

9. Biobanking of cerebrospinal fluid samples, and biomarker development of psychiatric disorders

In this sub—project, we aim to develop a biomarker of psychiatric disorders using cerebrospinal
fluid (CSF) samples. CSF samples from patients with schizophrenia, depression and bipolar disorder,
and healthy controls were collected and stored in NCNP biobank together with cross—disease
psychological assessments. CSF levels of the proteins and metabolites were measured using e.g.
high sensitive multiplex immunoassays or high performance liquid chromatography. We also
conducted joint research using those bioresources with multiple researchers inside and outside the
NCNP. As a result, we obtained 18 CSF samples in this fiscal year (total 1410). We also obtained
blood samples from 101 schizophrenia, 145 depression, 44 bipolar disorder, and 101 healthy
controls, this year. Using those samples, (1) we confirmed two clusters of the patients based on
CSF molecules and found several psychological features of those subsets. (2) Found brain-blood
barrier integrity is associated with blood VEGF levels (Matsuno et al., 2022). (3) In collaboration
with the University of the Ryukyus, using total 3000 psychiatric case and controls, we analyzed
several rare—genetic variants found in a bipolar disorder pedigree. (4) A joint study with the Tokyo
Institute of Technology found that the molecule BMP4, which inhibits neural regeneration, is
elevated in the CSF of patients with Alzheimer’s disease. (5) We also introduced current tests,
studies, and collection methods with the aim of promoting CSF testing and research in psychiatry in
Japan. Thus, we found several promising candidate biomarkers for psychiatric disorders. Further

analyses and verification are required for the development of practical biomarkers.
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